OBJECTIVE-Obestatin is a newly discovered peptide encoded by the ghrelin gene whose biological functions are poorly understood. We investigated obestatin effect on survival of ␤-cells and human pancreatic islets and the underlying signaling pathways.
CONCLUSIONS-These results indicate that obestatin promotes ␤-cell and human islet cell survival and stimulates the expression of main regulatory ␤-cell genes, identifying a new role for this peptide within the endocrine pancreas. Diabetes 57: 967-979, 2008 O bestatin is a 23-amino acid amidated peptide, recently identified as a product of the ghrelin gene (1) . It was originally reported to be the ligand for the orphan receptor G-protein-coupled receptor 39 (GPR39); however, several groups were unable to confirm that obestatin has agonist properties on GPR39 or activates specific GPR39 signaling (2-6). Therefore, to date, the receptor for obestatin remains unknown.
Obestatin has been reported to reduce food intake, body weight gain, gastric emptying, and jejunal motility (1, 7, 8) . Moreover, it was found to counteract ghrelin stimulatory effects on these end points (1, 9) and to inhibit ghrelininduced growth hormone secretion in vivo (9) but not in vitro (10) , suggesting that it would serve as a physiological opponent of ghrelin. However, a number of studies failed to confirm obestatin anorexigenic effects (11) (12) (13) (14) , and besides not being the cognate ligand for GPR39, its biological actions seem to be a controversial issue.
Obestatin has been reported to inhibit thirst and to influence memory, anxiety, and sleep via central activities (10, 15, 16) . At the cellular level, it stimulates proliferation of human retinal cells (17) but has no effect on murine cardiomyocyte and condrocyte viability (18, 19) .
Recently, we have demonstrated that ghrelin, both acylated or unacylated (UAG), stimulates proliferation and prevents apoptosis of pancreatic ␤-cells and human islets (20, 21) . In addition, ghrelin increased glucose-induced ␤-cell insulin secretion, indicating a role in regulating ␤-cell survival and function.
Decreased ␤-cell mass due to apoptosis is an important hallmark of both type 1 and type 2 diabetes (22) . Identification of molecules that promote both ␤-cell survival and insulin secretion and regulate pancreatic gene expression would be important for understanding the pathophysiol-ogy of diabetes, leading to new therapeutic strategies aimed at improving ␤-cell function and increasing the amount of islets for islet transplantation (22, 23) .
Obestatin expression was found in fetal and neonatal rat pancreas and stomach, and its immunoreactivity positively correlated with insulin secretion, suggesting that pancreatic obestatin would contribute to ␤-cell function (24) ; however, its effect on insulin secretion is controversial (7, 25) . In all, obestatin actions within the endocrine pancreas are still largely unknown.
Given that it is encoded by the ghrelin gene, we sought to investigate whether obestatin would display survival effects in pancreatic ␤-cells and human islets. In addition, we evaluated whether obestatin would influence the expression of the major genes that regulate ␤-cell differentiation, survival, and function.
Hoechst staining. Morphological changes in the nuclei of apoptotic cells were detected by Hoechst 33258 as described previously (20) . Five hundred stained nuclei were double counted under a fluorescence microscope (DAPI filter). Caspase 3 activity. Caspase 3 activity was assessed by Caspase-3 Colorimetric kit (Assay Designs, Bologna, Italy) in cell lysates, according to the manufacturer's instruction. TdT-mediated dUTP nick-end labeling. Formalin-fixed human islet preparations were analyzed by double immunohistochemical staining with insulin and TdT-mediated dUTP nick-end labeling (TUNEL), using the In Situ Cell Death Detection kit POD (Roche Applied Science, Mannheim, Germany) according to the manufacturer's recommendations. Hormone secretion. Obestatin, ghrelin, and GLP-1 secretion from ␤-cell or human islet concentrated conditioned medium (ϳ18-fold) was assessed using rat Obestatin enzyme immunoassay (EIA) kit and human Obestatin radioimmunoassay (RIA) kit, Ghrelin RIA kit, and GLP-1 EIA kit (Phoenix), respectively, following the manufacturer's instruction. cAMP assays. Starved 8 ϫ 10
5 INS-1E ␤-cells and 1 ϫ 10 3 human islets were seeded in 100-mm dishes. After incubations, in the presence of 100 mol/l 3-isobutyl-1-methylxanthine (IBMX), cAMP was measured from lysates using the Direct Cyclic AMP EIA kit (Assay Designs) according to the manufacturer's instructions. Insulin receptor substrate-2 immunoprecipitation. INS-1E cells were scraped in ice-cold lysis buffer (Mammalian Cell Lysis kit; Sigma); 300 g proteins was incubated overnight at 4°C with insulin receptor substrate-2 (IRS-2) antibody (1:100 dilution), followed by binding to protein A-Sepharose (Sigma-Aldrich). The pellet was resuspended in 40 l Laemmli buffer and proteins separated by 8% SDS-PAGE. Western blotting. Forty micrograms of protein for P-ERK, P-Akt, P-Src, and P-CREB were resolved in 12% SDS-PAGE. All proteins, including IRS-2 immunoprecipitates, were treated as described previously (20) and incubated with the specific antibody (P-tyrosine for IRS-2) (1:500 for P-tyrosine; 1:1,000 for others). Blots were reprobed with antibodies against IRS-2, ERK1/2, Akt, Src, and CREB for normalization. Immunoreactive proteins were visualized using horseradish peroxidase-conjugated anti-mouse or anti-rabbit antibody (1:3,000 and 1:1,000, respectively) by ECL (Perkin Elmer Life Sciences). Real-time PCR. RNA isolation and reverse transcription from 3 g RNA were performed as described previously (20) . Real-time PCR was conducted using ABI-Prism 7300 (Applied Biosystems) in 25-l volume containing 2 l cDNA under the conditions recommended by the supplier. The following TaqMan Gene Expression Assays were used: rat GLP-1R (Rn00562406_m1), rat IRS-2 (Rn01482605_s1), human GLP-1R (Hs00157705_m1), human glucokinase (Hs00277220_m1), human pancreatic and duodenal homeobox-1 (PDX-1) (Hs00236830_m1), human insulin (Hs02741908_m1), human IRS-2 (Hs00275843_s1), and eukaryotic 18S rRNA (Hs99999901_s1). Results were normalized to 18s rRNA, and relative quantification analysis was performed with ABI Prism 7300 SDS software, using the comparative cycle threshold (Ct) (2Ϫ⌬⌬Ct) method. mRNA was expressed as fold induction over control (vehicle). Insulin secretion. Human islets (n ϭ 3) were incubated for 1 h at 37°C in Krebs-Ringer bicarbonate HEPES buffer (KRBH) containing 0.5% BSA alone or with 2 mmol/l glucose, either in absence or presence of 100 nmol/l obestatin. The 2 mmol/l glucose pretreated islets were incubated for 1 h in KRBH/0.5% BSA containing 2, 7.5, 15, or 25 mmol/l glucose, with or without 100 nmol/l obestatin. Insulin secretion was assessed by a human RIA kit (DiaSorin, Saluggia, Italy), according to the manufacturer's instructions. Immunohistochemical staining. Human pancreas fragments were obtained from five surgical pancreatic resections for non-neoplastic conditions and fixed in 4% buffered formalin. Fetal pancreas was from a spontaneous abortion at the 15th week of gestation. Obestatin was localized by means of an anti-human antibody (1/300; Phoenix Pharmaceuticals) preceded by antigen retrieval using a biotin-free system (EnVision-HRP; DakoCytomation, Glostrup, Denmark) and diaminobenzidine as chromogen. For double immunohistochemical procedure, obestatin was first visualized using aminoethylcarbazole as a red chromogen (Dako AEC Substrate-Chromogen System), and subsequently, the slides were incubated with ghrelin (polyclonal, 1/400; Phoenix), somatostatin (polyclonal, 1/800; Dako), glucagon (polyclonal; prediluted; Dako), or insulin (monoclonal HB125, 1/200; Biogenex) antibodies, followed by immunoalkaline phosphatase (Envision-AP; Dako) incubation with Vector blue alkaline phosphatase substrate kit III (Vector Laboratories) as chromogen. Statistical analysis. Results are expressed as means Ϯ SE. Statistical analyses were performed using Student's t test or one-way ANOVA. Significance was established when P Ͻ 0.05. 
RESULTS

Obestatin binding on HIT-T15 and INS-1E ␤-cells.
HIT-T15 cells showed saturable specific obestatin binding (Fig. 1A) , with maximum affinity at 2 nmol/l, consistent with obestatin physiological circulating levels (600 -800 pg/ml) (7). Scatchard analysis ( (Fig. 1A and B) .
Unlabeled obestatin dose dependently competed with 125 I-obestatin for HIT-T15 binding sites (Fig. 1C) . Obestatin concentrations for inhibiting radiotracer binding by 50% (IC 50 ) were 2.2 Ϯ 0.3 nmol/l (n ϭ 3). Similar results were observed in INS-1E cells ( 125 I-GLP-1 binding to HIT-T15 membranes was dose dependently inhibited by unlabeled GLP-1 and Ex-9 and, although with lower affinity, by obestatin ( Cell proliferation and survival were assessed in HIT-T15 and INS-1E ␤-cells incubated with obestatin (1-500 nmol/l) in serum-deprived medium, either alone or with interferon-␥ (IFN-␥)/tumor necrosis factor-␣ (TNF-␣)/interleukin-1␤ (IL-1␤), whose synergism is involved ␤-cell death in both type 1 and type 2 diabetes (28). BrdU and Trypan blue results showed that obestatin promoted cell proliferation ( Fig. 2A and C) and survival ( Fig. 2B and D) , respectively. These effects were significant at 1 and 10 nmol/l and maintained at the highest concentrations (100 -500 nmol/l), although reduced for cell proliferation. Similar results were obtained by performing MTT assays (data not shown).
Next, obestatin survival action was determined with respect to that of ghrelin, which exerts similar effects (20) . Differently from HIT-T15, INS-1E cells express the ghrelin receptor (GRLN-R) or growth hormone secretagogue receptor 1a (29 -32) . As expected, INS-1E cell viability (assessed by MTT) in serum-free medium but not under cytokine synergism was reduced by blockade of the GRLN-R with its antagonist [D-Lys 3 ]-GHRP-6 and, consistently, by immunoneutralization of endogenous ghrelin with anti-ghrelin antibody, which recognizes both acylated ghrelin and UAG. Either [D-Lys 3 ]-GHRP-6 or anti-ghrelin antibody blocked obestatin-induced cell survival in both experimental conditions (Fig. 2E and F) . Similarly to HIT-T15 cells (20) , ghrelin was released by INS-1E cells and its secretion was reduced by serum starvation and cytokines (data not shown).
Obestatin secretion in INS-1E cell medium (39.4 ng/ml) was reduced by serum starvation (21.5 ng/ml) and cytokines (14 ng/ml) (Fig. 2G) , consistent with increased ␤-cell death. Anti-obestatin antibody decreased cell survival in all conditions except under cytokine treatment, where cell viability was likely too low to be further reduced (Fig. 2H) . Similar results were obtained in HIT-T15 ␤-cells (data not shown).
These results indicate that exogenous obestatin promotes ␤-cell proliferation and survival and suggest that endogenous obestatin exerts similar effects. Furthermore, ghrelin, at least partly through GRLN-R, is involved in obestatin-induced ␤-cell survival. Obestatin prevents ␤-cell apoptosis. HIT-T15 and INS-1E cells were cultured for 24 h in serum-free medium alone or with IFN-␥/TNF-␣/IL-1␤. In both cell lines, apoptosis, assessed by Hoechst staining of apoptotic nuclei and by caspase 3 activation, increased under serum starvation and even more in the presence of cytokines. Obestatin, at 100 nmol/l, reduced apoptosis in both experimental conditions (Fig. 3A-E ). This effect was dose dependent, with 1 nmol/l being the lowest significant concentration (data not shown), in agreement with the previous results on ␤-cell proliferation and survival. Obestatin antiapoptotic effect in ␤-cells involves adenylyl cyclase/cAMP/protein kinase A, phosphatidylinositol 3-kinase/Akt, and ERK1/2. Intracellular cAMP levels, investigated in INS-1E cells in response to obestatin, increased after 5-30 min and decreased thereafter, although being significantly above control (Fig. 3F) . NF449, a specific antagonist of the G␣ s protein (33) , whose engagement results in adenylyl cyclase activation and cAMP production (34) , blocked obestatin antiapoptotic effect in serum-starved and cytokine-treated cells. Similar results were obtained by inhibiting adenylyl cyclase and protein kinase A (PKA) with MDL12330A and KT5720, respectively (20) (Fig. 3G) .
Obestatin rapidly promoted ERK1/2 and Akt phosphorylation but had no effect on Src kinase, which has been associated with Ca 2ϩ -dependent insulin secretion in INS-1E cells (35) (Fig. 3H) . Consistently, ERK1/2 and Akt and inhibitors (PD98059 and wortmannin, respectively), but not the Src inhibitor PP2 (20, 35) , blocked obestatin effect against both serum starvation-and cytokine-induced apoptosis (Fig. 3I) . These findings suggest that obestatin prevents ␤-cell apoptosis through adenylyl cy- Real-time PCR results showed that in INS-1E cells, obestatin increased GLP-1R transcript over twofold, after 24-h incubation, whereas Ex-4 had no effect (Fig. 4A) . Ex-9, a specific GLP-1R antagonist (27) , besides inhibiting Ex-4 survival action as expected, prevented obestatininduced cell survival in either serum-starved or cytokine- treated cells (Fig. 4B) . Obestatin and Ex-4 showed equal effect on ␤-cell protection. Moreover, GLP-1 secretion by INS-1E cells (ϳ85 ng/ml) was not affected by obestatin (data not shown). Consistent with the results showing obestatin binding to GLP-1R, these findings suggest that GLP-1R signaling is involved in obestatin survival effects. Obestatin induces expression and activation of IRS-2 in ␤-cells. IRS-2 is essential for ␤-cell growth, function, and survival and is involved in GLP-1R-mediated effects through cAMP signaling (36 -39) .
vehicle). D: IRS-2 phosphorylation measured by specific immunoblotting in IRS-2 immunoprecipitates from INS-1E cells treated with 100 nmol/l obestatin for the indicated times (top panel). Equal protein loading was determined by reprobing with antibody to IRS-2 (bottom panel). Shown is a representative blot from three independent experiments. Graph represents the densitometric analysis of P-IRS-2 normalized to IRS-2 and reported as percent untreated (time 0). Results are means
By real-time PCR, we found that similarly to Ex-4, obestatin induced IRS-2 mRNA increase (1.8-fold) after 24-h incubation in INS-1E cells (Fig. 4C) . Furthermore, immunoblot analysis showed that obestatin promoted IRS-2 phosphorylation at 5 and 15 min and declined toward basal level thereafter (Fig. 4D) . These results strengthen the hypothesis of common signaling pathways for GLP-1R agonists and obestatin. Obestatin binding and immunoreactivity in human islets. Specific obestatin binding greater than in HIT-T15 ␤-cells was observed in human islets (19.2 fmol/mg) (data not shown). Unlabeled obestatin, but not ghrelin, motilin, or GLP-1, competed with 125 I-obestatin for binding on islet membranes (Fig. 5A) .
Obestatin release by human islets was decreased by serum starvation and by cytokine synergism (Fig. 5B) . Anti-obestatin antibody reduced islet cell viability in the presence of serum and in serum-free conditions but not after addition of cytokines ( Obestatin protein was detected in cytoplasms of fetal and adult pancreatic islets. Double immunohistochemical staining evidenced that obestatin colocalized with ghrelin in scattered cells located at the periphery of the islets, likely in the so-called ghrelin-producing ε-cells (40) . Neither somatostatin, glucagon, nor insulin colocalized with obestatin, indicating that ␦-, ␣-, and ␤-cells, respectively, do not produce obestatin (Fig. 5D) . Obestatin promotes human islet cell survival through adenylyl cyclase/cAMP/PKA signaling and activation of PI 3-kinase/Akt, ERK1/2, and CREB. Hoechst staining of islet cells exposed to either serum starvation or IFN-␥/TNF-␣/IL-1␤ showed reduced cell density and increased apoptosis, particularly in the presence of cytokines. Obestatin strongly enhanced islet cell mass and reduced the number of apoptotic nuclei (Fig. 6A) . Furthermore, it increased cell survival and counteracted caspase 3 activation (Fig. 6B and C) . cAMP levels were increased by obestatin at 5 min and decreased thereafter (Fig. 6D) . Obestatin protection against serum starvation-and cytokine-induced cell death was prevented by blockade of adenylyl cyclase and PKA with MDL12330A and KT5720, respectively, but not by the Src inhibitor PP2 (Fig. 6E) . Obestatin promoted ERK1/2 and Akt phosphorylation at 5 min, decreasing thereafter and being maintained up to 60 min, respectively ( Fig. 6F  and G) .
Next, we investigated whether obestatin activated CREB, which plays an important role in ␤-cell survival and function (38, 41) . Obestatin-induced CREB phosphorylation peaked at 5 min, consistent with maximum cAMP induction and ERK activation (Fig. 6H) . Moreover, differently from ␤-cells, in human islets, obestatin decreased Src phosphorylation (Fig. 6I) . Obestatin antiapoptotic effect was also demonstrated in human islet primary ␤-cells by counting double-stained insulin-and TUNEL-positive cells (Fig. 7A and B) .
These findings demonstrate that in human islets, obestatin promotes cell survival and prevents apoptosis through mechanisms involving adenylyl cyclase/cAMP/PKA signaling and activation of ERK1/2, PI 3-kinase/Akt, and CREB. Obestatin promotes insulin secretion and gene expression in human islets. Based on the results showing obestatin binding to GLP-1R and the similar actions displayed by obestatin and GLP-1R agonists, we investigated obestatin effect on human islet insulin secretion. Obestatin increased insulin secretion in both absence and presence of glucose (2-25 mmol/l) (Fig. 7C) . Moreover, insulin mRNA was increased by obestatin at 24 h (Fig. 7D) , decreasing thereafter (data not shown). These results indicate that obestatin promotes insulin release and synthesis in human islets. Obestatin stimulates GLP-1R, IRS-2, PDX-1, and glucokinase mRNA in human islets. In keeping with ␤-cell findings, real-time PCR results showed that in human islets, obestatin induced both GLP-1R and IRS-2 mRNA at 24 h (1.8-and 1.6-fold, respectively) ( Fig. 8A and B) .
The transcription factor PDX-1 is essential for pancreatic development, maintenance of ␤-cell mass, and insulin transcription (37, 42, 43) . Glucokinase, a glucose sensor for insulin secretion, regulates ␤-cell mass and function (44, 45) . Real-time PCR experiments demonstrated that obestatin increased PDX-1 and glucokinase mRNA (more than three-and twofold, respectively) ( Fig. 8C and D) . These findings indicate that obestatin promotes expression of genes that are essential for ␤-cell function, survival, and glucose sensing.
DISCUSSION
This study shows that obestatin promotes survival of ␤-cells and human pancreatic islets. Moreover, obestatin activates signaling pathways and induces expression of genes that regulate ␤-cell growth, differentiation, insulin biosynthesis, and glucose metabolism.
␤-Cell loss, partially caused by inflammatory cytokines, is well known in type 1 diabetes (22) , and autopsy studies demonstrated reduced ␤-cell mass in humans with type 2 diabetes (46) . One way to preserve ␤-cell viability and function is to reduce apoptosis. Here, we show that obestatin potently stimulated proliferation, increased cell survival, and reduced apoptosis in ␤-cells and human islets cultured in either absence of serum or presence of cytokines, both conditions known to induce apoptosis (20, 22, 27, 28, 47) . Obestatin antiapoptotic effect was confirmed by reduced activation of caspase 3, a major mediator of apoptosis (48) , and was also demonstrated in human islet ␤-cells.
Although its receptor is unknown, obestatin recognized high-affinity binding sites on ␤-cell and islet cell membranes; moreover, although with low affinity, it interacted with acylated ghrelin and UAG binding sites, suggesting a functional interplay between obestatin and ghrelin. This assumption is sustained by evidence that [D-Lys 3 ]-GHRP-6 reduced obestatin survival action, likely by preventing obestatin binding to GRLN-R or/and by reducing the autocrine/paracrine effect of endogenous acylated ghrelin, as previously reported (20) . Consistently, anti-ghrelin antibody reduced obestatin survival effect, possibly by sequestering endogenous ghrelin released from ␤-cells and human islets. Moreover, like ghrelin, obestatin is secreted by ␤-cells and human islets and anti-obestatin antibody reduced ␤-cell and islet-cell survival in both presence and absence of serum but not under cytokine synergism, where cell death was increased and obestatin secretion reduced. These results suggest that obestatin promotes survival either directly, through a specific receptor, or indirectly, by engagement of the ghrelin system. Furthermore, together with ghrelin, endogenous obestatin would regulate cell survival via autocrine/paracrine mechanisms.
At variance with pancreatic islets, comprising cell types with specific function and expression profile, INS-1E are tumor ␤-cells expressing multiple hormones (insulin, ghrelin, and obestatin), as demonstrated by our findings.
In human islets, obestatin, besides being strongly expressed in fetal and adult pancreas, colocalized with ghrelin, likely in ε-cells (40), but neither with insulin nor with somatostatin or glucagon. Obestatin and ghrelin coexpression in ε-cells, suggest that these hormones, products of the same gene, act in concert as local regulators of ␤-cell fate and function.
cAMP, a main regulator of ␤-cell growth and survival, promotes insulin secretion and expression of numerous ␤-cell genes (34, 37, 38, 41) . Obestatin upregulated ␤-cell and human islet cAMP; moreover, adenylyl cyclase and PKA inhibitors prevented obestatin antiapoptotic action, which was also blocked by a G␣ s antagonist, strongly suggesting the involvement of a GPCR. Consistently, obestatin was previously shown to increase cAMP in different cells, although via GPR39, the recently denied obestatin receptor (1, 5) .
Cross-talk between cAMP/PKA and ERK1/2 has been reported in ␤-cells (49) . ERK1/2 has been shown to control phosphorylation and protein level of CREB (41) , which is required in glucose homeostasis and ␤-cell survival by regulating IRS-2 expression (38) . Obestatin stimulated ERK1/2 phosphorylation in both ␤-cells and human islets and increased islet CREB phosphorylation on serine 133, the site initiating gene transcription (38) .
Obestatin also stimulated Akt phosphorylation. PI 3-kinase/Akt regulates ␤-cell growth, survival, and metabolism; furthermore, Akt is a downstream target of IRS-2 which, via cAMP controls ␤-cell fate and function (36 -38,50) . Obestatin antiapoptotic effect was blocked by both ERK1/2 and PI 3-kinase/Akt inhibitors, consistent with studies showing ERK1/2 and PI 3-kinase/Akt involvement in obestatin-induced retinal cell proliferation (17) . Interestingly, in human islets obestatin decreased the phosphorylation of Src, whose expression in INS-1E ␤-cells has been related with its inhibitory role on Ca 2ϩ -dependent insulin secretion (35) .
GLP-1 and GLP-1R agonists stimulate insulin secretion, decrease plasma glucose in type 2 diabetes and promote ␤-cell growth and survival through cAMP/PKA, ERK1/2, and PI 3-kinase/Akt (36 -38,43) . Obestatin upregulated GLP-1R mRNA; furthermore, besides blocking Ex-4 effect, Ex-9 reduced obestatin-induced survival. Obestatin, however, did not influence GLP-1 secretion, suggesting that its survival action is not dependent on GLP-1. Together with the results showing that obestatin binds to GLP-1R and that its effects are similar to those of GLP-1R agonists, these data indicate that obestatin survival action involves GLP-1R signaling. Accordingly, similarly to Ex-4, obestatin induced IRS-2 mRNA and increased IRS-2 phosphorylation, in agreement with data showing that Ex-4 promotes IRS-2 expression and activation through cAMP/CREBmediated mechanisms (38) . Obestatin even stimulated human islet insulin secretion and gene expression and increased PDX-1 mRNA, which, besides being involved in GLP-1R-mediated pathways, is essential for pancreatic development and insulin transcription (37, 42, 43) . Similarly, obestatin upregulated glucokinase expression, a target of PDX-1, an important glucose sensor for insulin secretion and regulator of ␤-cell mass and function (44, 45) .
Although we showed obestatin-induced survival and proliferation also at low concentrations, this study was conducted using pharmacological rather than physiological doses. Similarly, the beneficial effects of GLP-1 analogs have been previously demonstrated using mainly pharmacological concentrations (37) . Future studies will address obestatin effects at more physiological levels.
In summary, we demonstrate that obestatin promotes survival and prevents apoptosis in both ␤-cells and human islets. Moreover, obestatin induces expression of genes that regulate ␤-cell fate, insulin biosynthesis, and glucose sensing. Obestatin actions involve multiple molecular mechanisms, suggesting functional interplay with ghrelin and GLP-1R signaling. Future studies will clarify whether obestatin represents a new and promising peptide for therapeutic strategies aimed at improving ␤-cell mass and function. 
